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Though urinary tract infection is a relatively common occurrence in the first month of life (Craig, 1935; James, 1959; Lincoln and Winberg, 1964; O'Doherty, 1968; Littlewood, Kite, and Kite, 1969) , there are few large series of such infants reported. Previous publications reveal a lack of general agreement as to the usual clinical picture to be expected, which is probably due to the fact that some authors are reporting infants clinically ill with urinary infection, together with other infants who have been detected when the condition is causing little clinical disturbance.
In this paper a large series of infants with clinical illness attributed to urinary infection is reviewed. 59 infants were diagnosed as a result of investigation of their illness and 7 were detected during the course of a screening survey while relatively asymptomatic. 50 of the infants were examined personally by the author during the course of their initial illness and in addition to usual laboratory investigations, microscopy of a fresh specimen of uncentrifuged urine was carried out as further confirmation of the diagnosis.
The term 'urinary tract infection' is used in preference to 'pyelonephritis', though renal parenchymal infection is certainly present in some of these infants, in others the differentiation between upper and lower urinary tract infection is not possible either by clinical or laboratory methods. 
Methods
The diagnosis of urinary tract infection was usually clear cut where urine was examined in the symptomatic infants, but quantitative cultures and urine white cell counts were performed only on later infants in the series. In earlier case, gross bacteriuria and pyuria were usually evident on microscopy and a heavy growth of the responsible organism obtained on culture. The diagnosis in 2 of the 7 asymptomatic infants was confirmed by suprapubic aspiration where the findings of voided urine were equivocal.
Mothers
Maternal infection. 450 of the mothers of infected infants were known to have had some type of infection or pyrexia during labour or in puerperium.
Puerperal pyrexia. This (37 * 8°C) occurred in 300/o (18/60) of mothers whose infants were infected. In a control group of mothers only 10-5% (7/76) had puerperal pyrexia. This difference is significant (002 >P >001).
Maternal urinary tract infection. 9%/ (6/66) of the mothers of infected infants had clinical evidence of symptomatic urinary infection, compared with 4-5% of a control series whose infants were known to be uninfected. Though this difference is not significant (0 5 <P <0 3), both these figures relate to symptomatic pyelonephritis of pregnancy rather than asymptomatic bacteriuria. Subsequent cases (not included in this series) suggest that the incidence of maternal 218 66 Infants with Urinary Tract I urinary infection,whether symptomatic or asymptomatic, will not be significantly higher than in a control group.
Duration of ruptured membranes before deUvery. There was no significant difference between the interval following rupture of the membranes and birth of the infant, when infected infants were compared with a control series of infants proved to be uninfected.
Mode of delivery. In 39% (26/66) of the infected infants there was a history of delivery other than spontaneously by the vertex, in contrast to 7% (205/ 2827) of a representative hospital population of newboms. Breech delivery and caesarean section were significantly more frequent in the infected groups (P <0.01) Infants Annual incidence. There has been a significant increase in the number of affected infants in the maternity hospital observed in the years 1965, 1966, and 1967 and compared with earlier years (Fig. 1 Seasonal incidence. In the present series there is no seasonal variation in incidence. This contrasts with the increase in incidence in winter noted in older children with urinary tract infection (Wharton, Gray, and Guild, 1937; Burke, 1961; Smellie et al., 1964; Stansfeld, 1966 Perinatal anoxia. The presence of asphyxia or fetal distress was determined by inspection ofthe hospital records, and the infants were grouped into 1 of 4 broad categories of 'moderate asphyxia', 'severe asphyxia', 'fetal distress', and 'normal'.
In a control series of 592 uninfected newborns 15%
(133/592) had some degree of perinatal anoxia whereas 33% (22/66) of infected infants had been anoxic.
'Severe asphyxia' (Apgar 2 or below at 1 minute) occurred in only 1% (7/592) of the uninfected control infants but in no less than 9% (6/66) of infected infants (P <0 01).
This finding that a greater number of infected infants than controls have severe anoxia, suggests that the latter may predispose to the development of urinary infection in the newbom period (Table I) . Comparison between the sexes for the presence of anoxia in the infected and uninfected infants is difficult as the sex distribution is very different in the 2 populations. In the uninfected control group the male: female ratio is 1 -03 :1, against 2-3 :1 in the infected infants. Among the anoxic of each group it is 1 -5 :1 in the uninfected, and 4 -5 : 1 in the infected. Though there are twice as many males as females in the infected groups as in the uninfected population, there are 4 times the number of anoxic boys to girls in the infected as there are in the control population. The more frequent occurrence of anoxia in males is in keeping with the male: female ratio of 1 -3: 1 for deaths from intrapartum anoxia (Butler and Bonham, 1963 Sex incidence. There is a significant preponderance of male infants in the present series, there being 46 boys and 20 girls (i.e. 70, " boys and 30) girls)-a male : female ratio of 2 3 : 1 (P -00 01).
Reasons for uirine exaninlationi. These are summarized in Table II . The practice of daily temperature taking in all newborns has been found to be of general diagnostic value (Craig, 1963) . In the present series the presence of pyrexia (> 37 7 C) was the most frequent reason Seven of the 8 infected infants detected during the screening survey (Littlewood et al., 1969) were detected before clinical disturbances had been observed-the other infant has been included in the 'unsatisfactory weight progress' group, as this was the indication for further urine examination on the 10th day following which the diagnosis was established-urine at 6 days had been uninfected.
Main signs and frequency of occurrence. The present series includes 66 infants with urinary infection of all grades of severity (Fig. 2 ).
Unsatisfactory weight progress (95"',,) . This is almost constant; lethargy and anorexia are usually associated. The fact that weight is an objective measurement, and lethargy and anorexia more dependent upon individual observations may account for the more frequent incidence of failure to gain weight.
Pyrexia. Pyrexia ( 37 5 C rectally) as well as being the most frequent reason for requesting urine examination is a frequent sign in the series as a whole. However (Craig, 1961) .
Clinzicallv observed slgn1s relatinlg to the uirinle were recorded in 55"-'(, of the series yet they were observed after the diagnosis had been established and in no instance was the first abnormality observed.
Readily palpable kidnievs. The intepretation of the findings on kidney palpation in the newborn are subject to much observer variation; in these infants 54",, had palpable kidneys_ and in some there was general agreement among a number of experienced observers that the kidneys were more readily palpable than normal. On more than one occasion so marked was the inflammatory swelling that hydronephrosis was suspected, yet when the infection was controlled the swelling settled and the kidneys were subsequently normal on pyelography.
When marked enlargement occurred there was usually both severe systemic signs of general illness, and additional evidence of impaired renal function as evidenced by a severe degree of nitrogen retention.
In infants where both the blood urea and a definite opinion regarding the size of the kidneys were available, 16 of 20 infants (80%) with a blood urea level of more than 60 mg/100 ml had readily palpable kidneys, and only 4 of 10 (40%) infants with urea of less than 60 mg had this sign.
It is surprising that this useful clinical sign is mentioned infrequently by earlier writers on this subject, even when large series of cases were reviewed. Davis and Chumley (1966) have recently emphasized this physical sign.
Diarrhoea. This has been noted to be a frequent accompaniment of urinary infection both in the newborn and older infants by many previous writers, and was present in 50% of our cases.
Dehydration (30%), irritability (27%), sweating, thirst, jaundice, convulsions (all less than 20%) were relatively infrequent. This is probably a reflection both of early diagnosis before serious systemic disturbance had occurred and also of the institution of effective therapy with either sulphonamides or antibiotics with the avoidance of the protracted clinical course which occurred before chemotherapy was generally available.
Jaundice. Jaundice of some degree was reported in 11 % of cases, while there were 7 male infants in whom jaundice was a prominent feature at the height of the illness. Jaundice in these cases was usually associated with anaemia, and a considerable portion of the total bilirubin was present in conjugated form, the urine being dark and positive for bile and the stools pale. The infants were usually severely affected and in some the jaundice proved to be the main sign requiring investigation; in the others it was merely one sign of many in an infant who had a severe general disturbance.
Jaundice and urinary infection have been recognized as associated since the publication of Gorter and Lignac (1928) and further reports have confirmed this association (Bernstein and Brown, 1962; Hamilton and SassKortsak, 1963; Arthur and Wilson, 1967; Ng and Rawstron, 1971) .
These infants had other features in common: all were males and the illness had usually been present for many days before the diagnosis was established; 3 had a positive blood culture and even though blood cultures were not obtained from 2 infants and were sterile in 2 others, all were ill and the severity of the illness was in keeping with septicaemia in every case.
Major anatomical anomalies. These were absent in the majority. Two infants had major general malformations and associated urinary tract anomalies; 2 infants had Down's syndrome unassociated with urinary tract anomalies; one boy had severe bilateral hydronephrosis not associated with lower urinary tract obstruction (infants with spina bifida were not included in the series).
Investigations
Bacteriology. 'Coliforms' were the most frequent organisms isolated. Urine specimens from earlier cases were examined by a variety of techniques and detailed analysis of the type of coliform isolated was not undertaken. However, cultures were performed in all cases and before the introduction of quantitative cultures in 1966, urines invariably produced a heavy growth on culture which was associated with gross pyuria (see below).
Furthermore, fresh uncentrifuged urine specimens from 50 of the 66 infants were examined by the author and invariably revealed obvious bacteriuria-a finding that correlates closely with colony counts of more than 100,000 organisms per ml on culture. That 55 were coliform infections and 4 proteus species is in keeping with other series of acute urinary tract infection. One further infant who has not been included in the present series had a urinary infection by Trichomonas vaginalis and has been reported elsewhere (Littlewood and Kohler, 1966 Blood urea. 35 infants had levels of more than 50 mg/100 ml and 11 of these were more than 100 mg/100 ml; the highest value recorded was 261 mg/100 ml in the absence of renal anomaly. In contrast to older patients, an appreciable degree of nitrogen retention is a frequent occurrence in neonatal urinary tract infection. This finding is not necessarily associated with either renal anomaly or pre-existing renal insufficiency.
Radiological investigations. The quality of intravenous pyelograms in many of the earlier cases in the present series was unsatisfactory as judged by present-day standards and a number of the infants had no radiological investigation (Table  III) . Until recently a micturating cystogram has not been performed when the intravenous pyelogram revealed no abnormality and only 2, other than those detailed in Table IV , were done and both were normal. (a) Earlier series of small numbers of infants. In the majority the clinical illness was severe and the condition regarded as a rarity by the authors (Smith, 1918; Helmholz, 1918; Graham, 1925; Sauer, 1925; Conrad 1926; Paterson, 1931; Florman and Bass, 1943) . The series of Craig (1935) was exceptional in that 61 infants were reported; the majority had severe clinical disturbance.
A typical series is that of Sauer (1925) , who described 15 newborns with urinary infection. He noted that gastrointestinal symptoms predominated and at times were present for some days before the diagnosis was established. Ashen pallor and anxious facies were commonly observed. He found that signs in order of frequency were anorexia, diarrhoea, weight loss, tympanites, pallor, anxious facies, vomiting, constipation, cyanosis, and convulsions. Craig (1935) described a characteristic clinical picture. The onset of the illness was usually indefinite; prolonged anuria, especially when accompanied by fever or occasional vomiting, was suggestive of the start of urinary tract infection, later restlessness, thirst, sweating developed, and colour changes were characteristic of the illness at its height. Collapse occurred occasionally; though high fever was common, a few cases ran an afebrile course. Convulsions, when they occurred, were of grave significance. He noted the association with intracranial disturbance and also the association with severe alimentary disturbance.
These are but 2 examples, nevertheless they do reflect the severe clinical disturbance associated with the condition in the experience of the earlier writers on the subject.
(b) More recent series where the infants had a milder clinical disturbance. (Smellie et al., 1964; James, 1959) . Though clinical illness infection in First Month of Life 223 in these infants was milder, they had a deviation from the normal clinical course, i.e. they were not asymptomatic nor detected by deliberate screening.
Both contained a preponderance of girls and for this reason the diagnostic criteria employed have been questioned (Braude, Forfar, and Gould, 1964) .
Smellie and her colleagues (1964) , describing the signs in 45 infants aged less than 1 month with urinary infection as part of a larger study of 200 children, noted that gain in weight was unsatisfactory in all cases, though some had improved by the time the result of the urinary investigation was available. Vomiting was present in 11 cases, diarrhoea in 8, and fever in only 5.
Describing cases of similar type, James (1959) wrote 'the symptoms of urinary infection in the newborn are loss of weight, anorexia, and apathy. Fever and vomiting are occasionally seen'. This is misleading in that conclusions have been drawn from a small series of 32 mild cases. It is incorrect that fever is only occasionally seen in the condition as a whole, for even in mild cases fever is relatively common; furthermore no mention is made of the more severe type of case described by earlier writers, where the urinary infection may be associated septicaemia requiring vigorous and urgent treatment.
(c) Studies where a deliberate search was undertaken to detect urinary infection in the newborn. (Lincoln and Winberg, 1964; O'Doherty, 1968; Littlewood et al., 1969) . Clinically these infants have been either asymptomatic or only mildly ill at the time of diagnosis. They frequently undergo spontaneous recovery without ever having significant clinical signs. The 9 cases of Lincoln and Winberg (1964) It is suggested that the condition in the newborn infant has a wide spectrum of clinical manifestations ranging from an infant with overwhelming septicaemia associated with pyelonephritis, to an asymptomatic infant who nevertheless has unequivocal evidence of infection within the urinary tract as judged by urine examination-if necessary obtained by suprapubic aspiration.
After consideration of the previously reported cases and also the 66 infants of the present series, it is suggested that infants may be grouped as follows. (1) Though asymptomatic infants may develop clinical signs and the age of detection may determine into which group the infant is first classified, the infants in these 4 categories present different clinical problems, particularly with regard to prognosis and the urgency with which treatment is required. The writer believes that infants in group (4) more often than not undergo spontaneous recovery and remain unrecognized in the majority of maternity units. However, they represent an 'at risk' group from which infants developing clinical illness arise.
It is only when the wide variation in clinical manifestations of the disease is appreciated that any useful conclusions can be drawn as to the incidence, clinical manifestations, and prognosis.
A number of other features peculiar to the newborn with urinary infection are worthy of comment. It has been stated that the male preponderance in neonatal urinary tract infection is entirely accounted for by the presence of anatomical abnormalities (Hutchison, 1965) . This statement is not borne out by the experience of those who have extensively investigated newborns with urinary infection (Smellie et al., 1964) or by the writer. In the present series only a minority of newborns with such infections have gross anatomical abnormalities. If micturating cystograms are also performed, about half the infants are found to have radiological abnormalities (as opposed to 'gross anatomical') (J. M. Smellie, personal communication, 1966) and these abnormalities commonly take the form of ureteric reflux. The presence of vesicoureteric reflux is regarded as abnormal even in this age group (Lich, Howerton, and Davis, 1965) .
Though radiological investigation was performed infrequently in the earlier cases of the present series, it is probable that if gross anatomical abnormalities had been present, frequent relapses of the infection would have occurred and this has not been our experience. In only 3 boys, of the 27 where information was available, were gross congenital anomalies of the urinary tract present.
When the 8 asymptomatic cases are considered, not one of the boys had a significant anatomical lesion which would have accounted for the development of urinary infection. It is suggested that the frequency with which gross anatomical abnormalities occur in association with urinary tract infection in this age group, and in which they are a major factor in the aetiology, has been overestimated in the past.
The male preponderance of cases in most series of urinary infection at this age is considered to be related to the mode of infection, thought to be usually blood borne. Transient bacteraemia in the first days of life is believed to be a not uncommon occurrence during initial bacterial colonization of the infant (Albers, Tyler, and Boxerbaum, 1966) , and renal tissue is particularly susceptible to bacterial infection. Newbom male infants are more commonly affected by bacteraemic illness than are females, and consequently by urinary infection. If the route of infection were ascending the strong female preponderance found in older children would be expected.
With regard to the local susceptibility of the kidney to bacterial infection, there is evidence that local tissue changes in the kidney may follow anoxia in the perinatal period. Many authors produced evidence that renal damage was not uncommon in these circumstances (McCance and Widdowson, 1954; Kessel and Pepler, 1955; Bernstein, 1958; Jonsson, 1961; Halvorsen and Aas, 1962; Tan and Hull, 1969 (Halvorsen and Aas, 1962) . Prematurity is commonly held to be associated with a higher incidence of infection of all types; one aspect of this susceptibility has recently been quantitated in terms of immunoglobulin levels, IgG levels showing a close correlation with the degree of immaturity (Hobbs and Davis, 1967) .
Unless urinary examination is performed as a routine investigation in all newborn infants where the clinical course deviates in any way from the normal, particularly with respect to feeding difficulties, anorexia, failure to gain weight, or pyrexia, the majority of newborns with this infection will continue to go undetected. It is, therefore, perhaps fortunate for the majority that they appear to recover without treatment, but unfortunate for the minority who progress within days or weeks to the severe type of illness with possible early death; some of these deaths are from acute reversible renal failure and the use of peritoneal dialysis will now return such infants to normal health (Meadow et al., 1971 ). Others will develop chronic renal infection with subsequent scarring (Lincoln and Winberg, 1964) . It is for the sake of these minority groups that the condition should be excluded in all infants with even mild deviation from the normal clinical course in the first weeks of life.
The author thanks Professor W. S. Craig for advice and encouragement, Dr. Roy Meadow for helpful criticism, and Mrs. Anne Brightwell for secretarial assistance.
